Abstract: An experiment was carried out both boro season (February-June, 2013) and aman season (JulyDecember, 2013) in the permanent experimental field of the Department of Soil Science, Bangladesh Agricultural University (BAU), Mymensingh. The objectives of present research work were tosee the effects of long-term fertilization and manuring on soil fertility and yield of boro and aman rice in flood plain (Subtropical) soil (AericHaplaquepts). The experiment was laid out in a randomized complete block design with three replications. There were 10 treatment combinations viz, Control, N, NP, NK, NPK, NZn, NS, NSZn, NPKSZn and NPK+FYM. The results indicated that the yield contributing characters and yield of BRRI dhan28 (Boro rice) and BR11 (Aman rice) were significantly increased due to different treatments. For boro rice, the highest plant height (cm), 1000-grain weight (g), effective tiller hill -1 and biological yield (t ha -1 ) were found in NPKSZn treatment. The highest grain yield and straw yield of boro ricewere also observed in NPKSZn treatment.
Introduction
Bangladesh is a densely populated agro-based country and rice (Oryza Sativa) is the staple food. Special emphasis is given on agriculture to meet the increasing demand for food. The cropping patterns of Bangladesh are mainly rice based. Rice is grown in all the three crop growing seasons. However, rice covers about 77% of total crop area in Bangladesh (BBS, 2011) . Rice is grown in over 11.7 million hectares under the various schemes subject to irrigated, rainfed and deep water conditions in three distinct seasons namely aus, aman and boro (BBS, 2012) . Among the three rice crops, aman rice covers about 38% and boro rice covers about 55% of total rice production (FAO, 2014) . Combined application of organic manures and chemical fertilizers may provide higher benefit towards crop yield as compared to application of only chemical fertilizer in Bangladesh (Hasanet al., 2009) .The farmers of our country are suggested to apply fertilizer and manure in all crops to increase yield in order to meet the demand of our ever increasing population. There are reports that the crops in our country have been stagnated or declined. But the reasons for this situation are not properly identified. As the fertilizers are chemical substances, they exert influence on physical, chemical and biological properties of soil as well as on the yield of crops. The use of adequate organic manures in combination with minimum chemical fertilizers proved it significant having long-term beneficial effect on soil properties and productivity of rice (Hasan, 2007) . Information on effect of long-term intensive fertilization on yield and soil properties are limited Organic matter in soil is critical for better soil health and higher soil productivity. However, maintaining or improving soil organic carbon is difficult in arid and semi-arid regions in view of rapid oxidation of organic matter due to high temperature. Continuous application of organic manure is the only way to increase soil organic matter status (Katyal et al., 2001) . Under these circumstances the present piece of research work was carried out during boro and aman season of 2013 to see the effects of long-term fertilization and manuring on soil fertility and yield of boro and aman rice in flood plain (Subtropical) soil. Many long-term experiments conducted in India showed increasing yield trends and accumulation of soil organic carbon and biological properties due to combined application of fertilizer and manures (Bhattacharyya et al. 2008 , 2010 , Vineela et al., 2008 .
Materials and Methods
A study was carried out during the boro and aman season of 2013 in the permanent manurial experimental field of the Department of Soil Science at Bangladesh Agricultural University (BAU) farm, Mymensinghto find out the effects of long term intensive fertilization on yield of rice. Topographically the area was slightly undulating but the experimental plot was fairly leveled. It was above normal flood level but sometimes the plot remained flooded for short time by rainwater during monsoon season (Tables 1 & 2) . The experiment was laid out in randomized complete block design with three replications. The whole experimental field was divided into three blocks which represented three replications of the experiment. Each block was subdivided into ten unit plots for placement of ten treatments of the experiment. The total number of unit plots of the experiment was 30. The size of the unit plot was 11.5 m x 6.5 m (74.75 m 2 ). The unit plots were separated from each other by earthen ails of 25 cm width and 10 cm high. There was 50 cm width and 10 cm deep irrigation channel between the blocks. The experiment comprised of ten different treatment combinations of manure and fertilizers namely, control, N, NP, NK, NPK, NZn, NS, NSZn, NPKSZn and NPK+FYM. The doses and sources of different nutrients and FYM: used for boro and aman rice were as follows: Treatments and fertilizer doses were revised as per the crop requirements since boro 2013 from the below described previous treatments. The major change was the update of fertilizer recommendation as per FRG (Fertilizer Recommendation Guide) 2012 and inclusion of full doses (100%) of N, P and K fertilizers in N (50%)+FYM treatment (Table 3) . After initiation of the field experiment, rice (boro and aman) was normally grown 2 times in a year following rainfed and irrigated rice based cropping patterns. Usually, boro rice is planted in November-December and is harvested in June-July, and the growing season of aman ranges from mid-July to mid-December. Irrigation water from a deep tubewell was given to the plots. Forty six rice crops were harvested up to the end of 2002 of which 29 were high-yielding varieties and 17 are local varieties. The boro rice (cv. BRRI dhan28) under study was ranked 67 and aman rice (cv. BR11) was ranked 68 rice crops up to the end of 2013. These two varieties have been developed by the Bangladesh Rice Research Institute (BRRI), Gazipur. The average yield of BRRI dhan28 is 5.5-6 t/ha. BR11 is a modern variety of rice and It gives an average yield of 6.5 t/ha under proper management (BRRI, 2010) .Boro rice was harvested on 5 June 2013 and aman rice on 26 November and 5 December 2013 at maturity and threshed plot wise. Grain and straw obtained from each plot were dried and weighed carefully.
Results

Effect of long-term mineral fertilization and manuring on yield and yield contributing characters of boro rice
The plant height of boro rice (BRRI dhan28) in the experimental plot was significantly influenced due to different treatment combinations (Table 4 ). The highest plant height (75.97cm) was recorded in NPKSZn treatment. Result revealed that plant height at NP and NPKSZn were statistically similar. Plant height in N, NP, NK, NPK, NS, NSZn, and NPK+FYM treatments were also statistically similar but superior to control and inferior than NPKSZn treatment. The lowest plant height (67.48cm) was recorded in control.Analysis of variance of data showed that the effect of different treatment on 1000-grain weight (g) was not statistically significant ( Table 4 ).The 1000-grain weight ranged from 20.67 to 25.67g. The 1000 grain weight followed the order of NPKSZn>NPK> NP=NS>NSZn=N> Control> NK> NPK+ FYM>NZn (Table 4) .Counting the filled grains per panicle a remarkable variation was observed between the treatments (Table 4 ). The highest number of filled grains (110) was found in NP treatment, whereas the lowest number (87) was found in control treatment. Results showed that filled grain panicle -1 in NS, NPKSZn, NZn and NPK+FYM were statistically similar. Again filled grain panicle -1 in N, NK, NPK and NSZn were also statistically similar. In counting the unfilled grains per panicle, a remarkable variation was observe d between the treatments (Table 4 ). The highest number of unfilled grains (14) was found in N treatment, whereas the lowest number (10) was in NPK treatment. The unfilled grain panicle -1 in N, NK and NSZn were statistically similar. It is evident from Table 4 that the number of tiller hill -1 was significantly affected by various treatment combinations (Table 4 ). The highest number of effective tillerhill -1 (9.00) was observed in NPKSZn treatment whereas the lowest (6.00) was recorded in control.The plants hill -1 due todifferent treatments ranked in the order of NPKSZn>NPK+FYM> NS=NSZn>NZn>N=NPK> NP=NK>Control (Table 4) .The tiller hill -1 was statistically similar in NS, NSZn, NPKSZn and NPK+FYM treatments. Results showed that tiller hill -1 were also statistically similar in N, NP, NK, NPK and NZn. There was also a significant effect of treatment on non-effective tiller. Non-effective tiller ranges between 0 in NP treatment and 0.67 in NS and NPKSZn treatments. The numbers of non-effective tiller in control, N, NK, NPK, NSZn, NZn and NPK+FYM were statistically similarGrain yield of rice is the ultimate product of yield components which was significantly influenced by different treatment combinations (Table 4 ). The highest grain yield (5.99t ha -1 )was observed in NPKSZn treatment where the lowest (2.00tha -1 ) was observed in control. Grain yield due to different treatment ranked in the order of NPKSZn>NSZn>NPK>NPK+FYM> NP> N> NK> NS>NZn>control. Result revealed that grain yield in N, NP, NPK and NPK+FYM were statistically similar. Again grain yield in N, NP, NK, and NS were also statistically similar. Grain yield of boro rice was increased by 71%, 119%, 127%, 132%, 133%, 144%, 161% and 200% over Control in NZn, NS, NK, N, NP, NPK+FYM, NPK, NSZn and NPKSZn treatments respectively (Figure 1 ). Statistical similarities were also found in NS, NSZn, NZn as well as NP, NPKS and NPK+FYM treatment.Like the grain yields, the straw yields of boro rice also varied remarkably due to different treatment combinations (Table 4 ). The yield varied from 2.63t ha -1 in control and 5.34t ha -1 in NPKSZn treatment. Result revealed that straw yield in NS and NPKSZntreatments were statistically similar as well as NS, NSZn and NK, NPK, NZn, NPK+FYM and N, NP, NZn, NPK+FYM were statistically similar. Straw yield was increased by 82%, 83%, 98%, 110%, 112%, 139%, 145% and 167% over Control in N, NP, NPK+FYM, NZn, NK, NPK, NSZn, NS and NPKSZntreatments respectively (Figure 2 ).
Effect of long-term mineral fertilization and manuring on yield and yield contributing characters of aman rice
The plant height of aman rice (BR 11) in the experimental plot was significantly influenced due to different treatment combinations (Table 5 ). The highest plant height (98.43cm) was recorded in NS treatment. Result revealed that plant height in NS, NSZn and NPKSZn were statistically similar. Plant height in control, N, NP, NK, NPK, NZn and NPK+FYM was also statistically similar. The lowest plant height (86.17cm) was recorded in NPK+FYM treatment.Thousand grain weight (g) analysis of variance of data showed that the effects of different treatment on 1000-grain weight (g) were not statistically significant (Table 5 ). The 1000-grain weight ranged from 23.13 to 24.37g. The 1000-grain weight followed the order of NK>NSZn> NPK=NPK+FYM>NS=NPKSZn>N>NP=NZn>Control (Table 5) .Counting the filled grains per panicle a remarkable variation was observed between the treatments (Table 5 ). The highest number of filled grains (130) was found in NS treatment, whereas the lowest number (105) was in N treatment. Result revealed that filled grain panicle -1 in NS, NSZn, NPKSZn as well as control, N, NP, NK, NPK, NZn, NPK+FYM were statistically similar. Counting the unfilled grains per panicle a remarkable variation was observed between the treatments (Table 5 ). The highest number of unfilled grains (16) was found in NPKSZn treatment, whereas the lowest number (13) was in N treatment. Unfilled grain panicle -1 was found statistically similar in NSZn and NPKSZn as well as control, N, NP, NK, NP K, NS, NZn, NPK+FYM treatments.It is evident from Table 5 that the number of tiller hill -1 was significantly affected by various treatment combinations (Table 5 ). The highest number of effective tiller hill -1 (9.00) was observed in NK whereas the lowest (6.00) was recorded in control. The plants hill -1 due todifferent treatments ranked in the order of NK> NS= NSZn= NPKSZn> NPK+FYM> NP= NPK=NZn> N> Control (Table 5 ).The tiller hill -1 was statistically similar in NK, NS, NSZn and NPKSZn treatments. Results showed that tiller hill -1 was also statistically similar in Control, N, NP, NPK, NZn and NPK+FYM treatments. There was also a significant effect of treatments on non-effective tiller. Non-effective tiller ranges between 0 in control, N, NP treatments and 1.00 in NK treatment. The number of non-effective tiller in control, N and NP as well as NPK, NS, NSZn, NPKSZn and NZn were statistically similar. Like the grain yields, the straw yields of aman rice also varied remarkably due to different treatment combinations (Table 5 ). The yield varied from 4.36t ha -1 in control to 6.91t ha -1 in NS treatment. Result showed that straw yield in NK, NPK, NZn, NPK+FYM were statistically similar. On the other hand, straw yield in Control, N, NP, NPK were also found statistically similar. Straw yield was increased by 119%, 121%, 135%, 142%, 149%, 152%, 200%, 217%, and 246% over Control in NP, N, NPK, NPK+FYM, NK, NZn, NPKSZn, NSZn and NS treatments, respectively (Figure 4) . ), SY-Straw yield (t ha -1 ), BY-Biological yield (t ha -1 ) and HI-Harvest index (%) ** = Significant at 1% level of probability, * = Significant at 5% level of probability, NS = Not significant ), SY-Straw yield (t ha -1 ), BY-Biological yield (t ha -1 ) and HI-Harvest index (%) ** = Significant at 1% level of probability * = Significant at 5% level of probability NS = Not significant 
Discussion
The long term effect of different fertilization and manuring significantly influenced the yield and yield contributing characters of boro rice.The highest values of plant height (75.97cm), 1000-grain weight (25.67g), effective tiller hill -1 (9), grain yield (5.99t ha -1 ), straw yield (5.34t ha -1 ) and biological yield (11.33t ha -1 ) were observed in NPKSZn treatment. The highest value of panicle length (23.68cm) was got from N treatment; the highest values of filled grain panicle -1 (110) and harvest index (56.09%) were recorded from NP treatment. The highest value of unfilled grain (14.33) was recorded in NK treatment. Thus the result showed that most yield and yield components of boro ricewere increased with the application of NPKSZn treatment. From the present study, it was also observed that the different fertilization and manuring had a significant effect on the yield and yield components of aman rice.The higher values of yield parameters and yields were recorded in the treatments where fertilizer plus manure were used. The highest value of plant height (98.43cm), panicle length (25.03cm), filled grain panicle -1 (130), straw yield (6.91t ha -1
) and biological yield (12.08t ha -1 ) were found from NS treatment. The highest values of 1000-grain weight (24.37g), effective tiller hill -1 (9.67) were recorded in NK treatment. However, the highest grain yield (5.29t ha -1 ) and harvest index (46.89%) were found from NPKSZn treatment. These results are similar to Wang et al. (2004) and Chalk et al. (2003) who found that in most long-term experiments, a combination of mineral fertilizers and farmyard manures has generally given the best crop yield and soil quality. The results are also supported by Rasool et al. (2007) who concluded that application of manure and an inorganic fertilizer in rice-heat cropping system, increased paddy yield in rice because manure application improves soil health and provides plant nutrients (Bhattacharyya et al., 2010) .
Conclusions
Cropping patterns in Bangladesh are mainly rice-based. In most of the cases, farmers use only N fertilizer alone or N and P fertilizer or at best N, P, and K fertilizers combinedly. The nutrient elements namely S and Zn are found as deficient in Bangladeshi paddy soils. In addition, only use of chemical fertilizer is not judicious for producing any crop. Integrated use of chemical fertilizers and organic manure is necessary for crop production as well as maintaining soil fertility. Generally, soil productivity and health may be more sustainable with the integrated application of manure and inorganic fertilizers than that of only use of inorganic fertilizers alone. The findings of this experiment revealed that the recommended dose of NPKSZn gave the best yield in both boro and aman season.
